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TUNABLE BARS, AND SOME DEMONSTRATIONS WITH 
A SIMPLE BAR AND A STETHOSCOPE:! 


BY PAUL THOMAS YOUNG 


On Mounting and Striking a Bar.—The fundamental nodes of a 
transversely-vibrating bar,? which is free at both ends, are located 
.22416 of the total length of the bar (or approximately two-ninths 

f the total length) from each end (Fig. 1). The location of these 


N N 


Fic. 1. Location of nodes of a transversely vibrating bar, N 

nodes may be determined empirically by sprinkling sand or saw- 
dust upon the vibrating bar. The material quickly forms a narrow 
line perpendicular to the main axis. That the vibratory motion is 
minimum at these lines and maximum at the center and ends may 
be readily felt by running the finger gently along the vibrating bar. 

After the location of the nodes has been determined the bar 
should be supported upon tightly-stretched string* (fish cord is 
good) directly at the fundamental nodes. 

The bar should be struck lightly with a piano hammer or tapped 
with the finger. If the blow is heavy, high enharmonic partials 

' From the Psychological Laboratory, Cornell University. 

? Bars for experimental purposes should be made of brass or steel. 

* Bars are sometimes supported at the nodes upon triangular strips of cork, pieces 
of felt, or cotton rope. For laboratory uses it is better to rest the bar upon strings 
tightly stretched across some sort of a frame. 
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294 PAUL THOMAS YOUNG 
will be heard; but the partials quickly become inaudible and only 
the pure tone remains. 

The tone of a bar supported in mid-air is quite faint. However, 
if a stethoscope‘ be used, the tone will be heard clearly and dis- 
tinctly. It is of uniform intensity and long duration. With a 
moderate blow the tone may be heard for 120 secs. or more. 

On Tuning.—The frequency of a bar varies inversely as the 
square of the length and directly as the thickness. Hence, to 
sharp a bar the ends should be cut or filed. To flat a bar the thick- 
ness should be reduced. In practice, however, the bar may be 
more easily flatted by sawing or gauging the central portion at 
right angles to the principal axis. Such cutting increases the 
elasticity of the bar which decreases the frequency. 

Forks and Bars —The practice of tuning bars is thus very similar 
to that of tuning forks. Cutting the ends for sharping corresponds 
to filing off the tines. Gauging or filing the center for flatting 
corresponds to filing between the tines. 

The bar, in fact, is a fork straightened out; or (which is the same 
thing) the fork is a bar bent into the shape of a U. If we gradually 
bend a bar into a U, the two nodes approach the base. When the 
bending is complete we have a single node at the base—+. ¢., a fork. 
Because of this physical similarity between bars and forks 





mechanical devices now in use with forks can, with slight modifica- 
tion, be applied to bars. The mechanical hammers, for example, 
designed to deliver a constant blow to a fork, may be used equally 
well upon a bar. Also it is possible to maintain a bar electro- 
magnetically upon the principles now in use with electric forks. 


TunaB.Le Bars For Pitcu DiscrIMINATION. 


Tunable Bars versus Tuncble Forks —The tunable bar as an appa- 
ratus for laboratory work has two principal advantages over the 
tunable fork. 

In the first place, a single load is used on the bar which takes the 
place of two loads used on the fork. A single adjustment is easier 
and more accurate than two. With the fork a single load could not 


‘ By procuring ear-pieces a simple and satisfactory stethoscope can be made from 
a Y-tube, some rubber tubing, and a bit of wire. The wire should be passed through 
the Y-tube and into the rubber tubes connecting with the ear-pieces. It thus acts as 
a spring to hold the ear-pieces in place. We are indebted for this suggestion to Dr. 
G. J. Rich. 

For work with bars the straight-cut end of a rubber or glass tube is satisfactory. 
No funnel or cup ‘s necessary. 
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be used, since it would displace the node, thus disturbing the purity 
and sustaining power of the tone. Also an unequal balance of the 
two loads relative to the fundamental node at the base would tend to 


produce the same result. With bars every change of the load shifts 
the nodes sligntly, but the tonal purity and sustaining power are not 
affected since the nodes are free to move. The displacement of 

odes by a few mm. corresponding to shifts of the tuning load 


may be demonstrated by sprinkling sand or sawdust on the bar. 


In the second place, the tunable bar is free from variations of 


timbre and intensity due to the use of sounding-boxes. While a 
eee? , ' 
resonance chamber responds more or less to a whole tonal range its 


1ximum efficiency corresponds to a single point on the tonal scale. 


lheoretically the resonator of a tunable fork should be changed with 
every tuning, in order to avoid damping and timbre changes and to 
ure uniform resonance for the different adjustments. It was 


presence of timbre differences in a set of tunable forks at the 


1 


Cornell Laboratory that led the writer to experiment on tunable 
a possible substitute. 

[he bar is supported in mid-air upon strings so that the only 

ct contact with a resonating body is through the strings. Since 

vibratory motion at the points of support is zero, no energy is 

at the supports and the resonance error is eliminated. Of 

course, a fork may be hung from a string or held in the hand so that 

he resonance error is practically eliminated. But to be perma- 

nently mounted a fork must be clamped at the base which (even 
ith padding) does not remove the possibility of resonance error 

A bar, however, can be permanently and conveniently mounted so 

it it is free from resonance. The use of a stethoscope insures 

ud and distinct tone which with a fork is gained by a resonator.5 


\ number of tests were made upon the duration of the tone with and without 





resonator, and the duration of the tone with resonator tuned and mistuned. A 
> bar of the dimensions .6 X 3.5 X 25.0 cm. was tuned to A 435 vd. A copper 
» § cm. in diameter resting in a jar of water served as a resonator. When in tune 


\ 435 vd. the resonance length was 16.4 cm. For a mistuned resonator the bar 
was tuned with the rider to 415 vd. while the perfect resonance for 435 vd. was un- 


noed 
peu. 


There was no exact control over the intensity of blow. We endeavored to deliver 


a uniform “heavy” blow and a uniform “light” blow. The differences in duration, 

measured with a stop-watch from the time of impact to the time that the tone 

became “just inaudible,” are so gross that it was not necessary to resort to a more 
ate control over the energy of impact. 


The following table shows a few typical results: 
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These two advantages, however, introduce corresponding 
disadvantages. The use of one rider instead of two reduces the 
tuning range that is obtainable. To increase the load beyond a 
certain point necessitates a compensatory adjustment of the sup- 
porting strings with every tuning. The increased load does give 
an increased tuning range, but it makes the calibration of a delicate 
scale impossible. However, for nearly all uses a sufficient tuning 
range can be obtained with a single rider. 

Another disadvantage is the use of the stethoscope. For mental 
testing a stethoscope is ‘unnatural’ and therefore not desirable, 
since it may distract a subject unaccustomed to laboratory pro- 
cedure. Although it is possible to use the bar without a stethoscope 
the tone is quite faint.® 

Two Forms of the Tunable Bar—While any device for changing 
the moment of inertia relative to the node will vary the frequency 
of a bar, the two following forms have proved to be the most satis- 
factory. 

I. For continuous tuning the load is adjustable in a slot from 
the node to the end of the bar. This load is made of two pieces of 
brass or steel (Fig. 2, a, a’) so cut that they slide easily, but with 
little rotary motion, in the slot. These two pieces are clamped 
firmly to the bar at any point in the slot by means of a bolt (4) anda 
set-nut (c). The upper piece has a hair-line (d) which is used in 


Resonator in Tune for A 435 Vd. and Therefore Mistuned for 415 Vd. No Resonator Used 





Bar Tuned to 435 Vd. 41s Vd, 435 Vd. 415 Vd. 





Duration of tone in secs. with a 


“heavy blow”... xbenena 13 50 132 | I%4 
2@ 26 2 

10 53 12 131 

“light blow”’..... 6 27 70 65 

36 SO 50 


+ 


The figures tell their own story in unmistakable terms. A resonator increases the 
intensity but thereby absorbs the energy of vibration. A mistuned resonator gives 
partial resonance and consequently the duration of tone is longer than with perfect 
resonance and shorter than with no resonance. The longest durations of tone were 
obtained with no resonator. 

Mistuned resonators introduced loud partial tones which interfered with the 
judgments of pitch difference. 

* Of course the bar may be mounted upon a resonance box by gluing triangular 
strips of cork to the box so that they support the nodes. A bar thus mounted (and if 
necessary held in place by rubber-covered pegs) is about the same as a tunable fork 


mounted on a resonance box. 
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setting the rider to any desired point of the scale (¢). The scale is 
marked upon the surface of the bar. 

To determine the mass of a load that will give a tuning range of 
N vibrations the bar should be tuned to the higher of the frequencies 
desired and then gradually loaded at the end until the lower fre- 
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Fics. 2 and 3. Two forms of tunable bar. Fig. 2 is the continuous tuning bar, 


} Veecantini s +) in a . irthe aynian ; cae . 
» 3 the discontinuous tuning bar. For further explanation see text. 


ncy (difference of N vibs.) is obtained. The tuning effect of a 
applied at the node is zero. Its effect is maximum when applied 
the end of the bar. Hence the mass of the load thus found will 
rive a tuning range of N vibrations when moved from the end to the 

The tuning load may be filed or drilled until the desired tuning 
range is obtained. Of course the smaller the range the more delicate 

scale that can be calibrated. It is possible to use two separate 

lers and calibrate both sides of the bar; or, by slotting both ends 
f the bar, four riders and four scales may be used. 

It is very laborious to calibrate accurately. Any method ap- 
plicable to a fork, however, may be used in calibrating a bar. The 
scale units form a geometrical series and not an arithmetical. 

II. For discontinuous tuning a bolt (Fig. 3, a) carrying a set-nut 
(b) is fastened firmly to the bar. A series of slotted washers (one 
of which is shown in place at c) corresponding to any desired series 
of frequency increments,’ is so devised that any member of the 

*The series of increments recommended by the committee of the American 
Psychological Association on the standardization of experimental tests is: .5, 1, 2, 3, 5, 
12, 17, 23, 30 vd. above the standard (A 435 vd.). 

































295 PAUL THOMAS YOUNG 


series may be slid into place about the bolt and locked firmly to the 
bar. The bolt is slightly beveled so that the slotted washer will 
always come to the same position relative to the node; otherwise 





the tuning effect of a washer would not be constant. Of course 
the washers are plainly stamped with their vibration increment 
values. 

The washers vary in thickness and in diameter. For very large 
increments it is desirable to load both ends of the bar. | 

The first form® of the tunable bar is adaptable to the most re- 
fined laboratory experiments upon the tonal DL. The second 
form is adaptable to tests of auditory acuity, since a quick and 
accurate adjustment to certain discrete frequencies may be easily 
made. 





Some DEMONSTRATIONS WITH A SAMPLE BAR AND A STETHOSCOPE 


With a simple bar and a stethoscope a number of interesting 
demonstrations can be made. 

No Interaural Interference-—The portion of the bar between the 
nodes vibrates in opposite phase from those portions between the 
nodes and the ends (Fig. 1). The ends of the bar are up while the 
center is down and on the rebound the ends are down while the 
center is up. 

If we lead a tube from one ear to the center of the bar and another 
tube from the other ear to the end of the bar, the ears are receiving 
sound waves of constant frequency and of approximately the same 
amplitude but with a phase difference of 180 degrees. ‘There is, 
however, no interaural interference. A tone is heard as loud and 
distinct as when both tubes are over the middle, or both over the 
ends, 1. ¢., a single tone is heard which is not diminished intensively 
by an interaural phase difference of 180 degrees. 

That the two tones are, in fact, of opposite phase may be demon- 
strated as follows: connect the stethoscope so that both ear-tubes 
lead into a single receiving tube. At the end of this receiving tube 
connect a Y-tube so that there are now two sound-receiving open- 

8 We have corresponded with C. H. Stoelting Co., 3037-3047 Carroll Ave., Chicago, 
regarding the manufacture of tunable bars, and we are informed that the form de- 
scribed under 1 above can be supplied for $25.00 and the form described under II 
for from $12.00 to $13.00. The high cost of manufacture is due principally to the 
difficulties of accurate calibration. Unfortunately the Stoelting Co. has so far been 
unable to complete the first set ordered by us. The bars are so simple in construction, 
however, that they may be made in almost any shop. Eventually, it would seem, 
bars should be manufactured at a price less than forks. 
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TUNABLE BARS 299 
ings. Now adjust the Y-tube so that the two openings are equi- 
distant from the node and on opposite sides. With this adjustment 
no tone will be heard. The physical vibrations are of opposite phase 
and there is complete interference. If either end of the Y-tube be 
covered with a card, a tone will be heard; or if the Y-tube be moved 
so that either end is at the node, a tone will be heard since the 
vibratory motion at the node is zero. 

This demonstration is not without theoretical significance, since 
it proves that the ears to a certain extent are functionally inde 
pendent. At least a phase difference of 180 degrees between the 
ears produces no physiological interference. 

Relation between Amplitude of Vibration and Intensity of Tone. 
Since the amplitude of vibration is zero at the nodes and maximum 
at the ends and center (Fig. 1) it follows that the intensity of tone 
heard through a stethoscope should be zero when the steth scope is 
at the nodes and maximum when it is at the center and ends. I: 


act, if the stethoscope be moved along the vibrating bar, the 


intensity of tone will decrease from maximum at the end to zero 
nearly zero) at the node. It will then increase to maximum at 


‘ er 
nd decrease to zero at the other node. Again it will 


he renter 
th CCILCI 


increase to maximum as the stethoscope is moved toward the other 
end of the bar. Intensity of tone is thus seen to be correlated with 
amplitude of vibration. 

Intensity Difference and Localization.—lf a simple tube be led 
from one ear to the end of the bar, a tone of maximum intensity 
will be heard and localized at that ear. If, similarly, another tube 
rom the other ear to the node, the localization remains 
unchanged since no tone is audible at the node. Now with the 
two ear tubes in the above positions they may be moved along the 
bar keeping the distance between them constant. By so moving 
them the intensity is decreased from maximum to zero in one ear 
and simultaneously increased from zero to maximum in the other 
ear. This change causes a change of localization from ear to ear. 
In the intermediate region a single tone is localized in the center 
of the head. Sometimes two tones are heard with two localizations. 

This is a simple demonstration of the fact that interaural dif- 
ference of intensity is a factor in localization. 

Phase-reversal Beats —If the stethoscope be connected so that 
there is a single receiving tube, and this tube be moved back and 
forth across the node, a distinct pulse will be heard every time the 
node is crossed. If the tube be moved rapidly back and forth a 
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series of pulses, due to phase reversals, will be heard. Such a 
series resembles beats.°® 


REFERENCES 


For the mathematical physics of vibrating bars see: 
Srrenixe, F. Ueber die Lage der Schwingungsknoten auf elastischen geraden 
Stiben, welche transversal schwingen, wenn beide Enden frei sind. Annalen der 
Physik und Chemie, 1833, 103, 505-542. 
Winxetmann, H. Handbuch der Physik, 1891, Vol. 1, 714 f., 866 (references). 
Rayieicu. Theory of Sound, 1877, V. 1, 201-249. 
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®* We have made a few tests on “ phase-reversal tones” obtained by rapid alterna- 


tion of phase, but our results as yet are too meager to publish. 

















GENERAL REVIEWS AND SUMMARIES 





EDUCATIONAL PSYCHOLOGY 


BY C. TRUMAN GRAY 


Uniwersity of Texas 
Although the country has been in a very unsettled condition 
and many psychologists have gone into war work, yet the number 
of contributions to the topic at hand compares favorably with other 
periods. 
Texts, Monographs and General Articles.—Freeman’s (24) book 
on How Children Learn contains chapters on different types of 





responses, speech, skill, perception, memory, and formal discipline. 
| In each chapter the author has stressed the growth and develop- 
ment of a particular mental function during the life of the child, 
instead of giving a detailed analysis of the final form of each of the 
mental activities treated. The chapter which treats of the nervous 
system is concise, but in the language of the author, it is probably 


“ce 


sufficient to lead students to see “that mental development is de- 
pendent upon certain physiological changes which require time and 
suitable training for their accomplishment.” The chapter devoted 
to formal discipline emphasizes the point that much of the discussion 
upon this topic centers about the question as to whether a small 
amount of transfer is important, rather than whether there is 
transfer. The book can be used to advantage for reading circle 
work, and for courses in education. 





Gordon’s (27) Educational Psychology is written from the stand- 
point that educational psychology is an application of general psy- 
chology. This point of view is well illustrated in Chapter VI. 
This chapter contains a general treatment of sensory capacities and 
ends with certain “ pedagogical corollaries.” Two important topics 
which have been omitted in most texts are included in the chapter 
on motor capacities. ‘These topics are voice control and breathing. 

On the other hand many teachers will feel that certain topics such 
| as dreams and cutaneous sensation have been over emphasized. 
The experiment upon the syllogism by means of color circles is 
unique and results from a much larger number of children than that 
301 
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reported would be of much interest. The book closes with chapters 
on language, drawing, and arithmetic. 

Starch’s (89) Experiments in Educational Psychology has been 
revised. The revision consists largely in the addition of experi- 
ments upon individual differences, abilities in school subjects, the 
distribution of teachers’ marks, and a chapter on the coefficient of 
correlation. This material will contribute much to the usefulness 
of the book. 

Valentine’s (100) Manual is an attempt to adopt the experiments 
of general psychology to education. ‘Twenty-seven experiments 
which illustrate general psychological laws are included. The 
experiments are described rather briefly and require no apparatus. 
The second part of the book presents a discussion of the bearing of 
the general laws illustrated by the experiments upon education. 

Two monographs in the series of education studies from Johns 
Hopkins University have appeared. The first of these by Weglein 
(102)is entitled The Correlation of Abilities of High School Pupils, 
and a second by Johnson (44) treats of Motor Abilities of Children in 
the Primary Grades. ‘The first uses school grades as a basis for the 
correlations determined. The second deals with the rate of volun- 
tary movements, steadiness of motor control, reaction time, ac- 
curacy of movement, and preference in side of body used. Under 
this same general heading the following topics have been treated in 
articles by various authors: Control of emotions by Henry (38); 
imagination of children by Hindshaw (39) and Parsons (75); 
memory by Gates (25), Mulhall (70), Myers (71), and Willet 
(105); association by Anderson (1); visual instruction by Erickson 
and King (22), and Sumstine (90); superior children by Race (80); 
and the failing pupil by Wake (101). 

Correlations of Mental Abilities—Various types of problems 
under this general topic have been reported upon by Brandenburg 
(13), James (42), King (50), McCall (55), Wilson (108), Thorndike 
(96), and by the Educational Officer of London Co. Council (21). 

Secondary Education.—In this field two books have appeared. 
One of these is by Colvin (17) entitled, 4n Introduction to High School 
Teaching. According, to the preface it is a book for prospective 
teachers although inexperiented teachers in high schools may receive 
help from it. It contains chapters on the following topics: The 
high school pupil, discipline, punishment and classroom procedure. 
The appendix contains an outline to be used in observation work, 
and also samples of lesson plans. The chief contribution of the 
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book seems to lie in the great wealth of concrete illustrations used 
throughout the book. To illustrate, after the discussion of “‘in- 


cipient disorder” there follows an illustration of this phase of 


discipline as reported from a school room. It is this type of material 


which makes the book exceedingly valuable for inexperienced 


The second book in this general field is one by Inglis (41) on 


Principles of Secondary Education. This volume of more than 700 


7 

FF owe } — a . _ > ~ :. ] tan . 

9 livided into three separate parts. Part 1 is devoted to a 
- srP? c > hi] - “1 : _ ha hiaol ] 

ideration of the child, Part II consid I ne ll l Cnool a an 


titution, while Part 111 is given over to the curriculum \ few 


f the topics considered are physical and mental traits of 


ldren, individual differences, aims of secondary education and 
place which each of the study groups has in the field of air 
book is filled with tables, charts and graphs taken from the 
different investigations summarized in the book. Such 
maries are especially valuable for teachers in service who do not 


ve ample library facilities. 

Educational Tests and Measurements—Monroe, DeVoss, and 
Kelly (68) have brought together materials upon various educa- 
ional tests and scales in the form of a text. The book begins with 
upter on school grades. This material is used to illustrate the 


; 


more accurate methods oft measurement. Tests a id SsCaies 


the various school subjects are then considered. In this con- 
ctl na cl apter is devoted to each of the following il jects: _ 
thmetic, reading, spelling, handwriting, language, and the high 

S( | subjects. Each chapter discusses the problem of measure- 
nd discribes in some detail the various tests and scales which 

been devised. In addition to this, certain other topics of 
importance are treated. To illustrate, the discussion of arithmetic 





1 


considers how to handle what the tests reveal and the chapter on 
reading treats of the service of reading tests. It would seem that 
his part of the book might have included more critical evaluations 
in are given and that certain typical derivations might have been 
included. In addition to the material already mentioned the book 
contains chapters on statistical methods, the meaning of scores, 
derivation of tests and examinations, and uses of standards in the 
supervision of instruction. 

Part 11 of the Seventeenth Year Book (73) is entitled “The 
Measurement of Educational Products.” It consists of chapters 


upon the various phases of the problem. Each chapter is written 
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by a different individual. One of the most useful of these chapters 
is by Monroe. This author lists the various tests and scales and 
gives the publishers of each. The volume includes a bibliography of 
more than six hundred references. 

Rugg’s book on statistical methods considers the various 
problems and laws in this field which apply to educational work. 
The book is replete with graphs, charts and tables, all of which have 
educational data as their basis. No treatment of partial correla- 
tion is included. Owing to the growing importance of this phase 
of statistical procedure, it seems that a chapter on this topic should 
be included in books of this type. The book will be a valuable 
supplement to such texts as Thorndike’s and Yule’s. 

An article by McCall (56) dealing with criteria for determining 
which test to use and an article by McCall and Ruger (57) on the 
reliability of a thesis upon educational psychology should be men- 
tioned at this point. 

Algebra.—A monograph in this field by Rugg and Clark (82) 
attacks the problem of reconstruction of ninth grade mathematics. 
It begins with a vigorous plea for “rebuilding” the course of study 
in this grade. This is followed by an inventory and history of the 





present course, and a consideration of standardized tests in relation 
to the problem at hand. A later chapter is given to a careful and 
detailed analysis of the contribution which high school mathematics 
had opportunity to make in training in thinking. The methods 
used should give results in the rebuilding of this part of the course 


of study. 





Arithmetic. 
part of the work done with the tests used in the Cleveland and 
Grand Rapids Surveys. The first part of the study is devoted to a 
description of the tests and certain general results similar to those 
usually obtained by means of the Courtis tests. In this part of the 
treatise one section deals with diagnosis. The chapter of most 


-A monograph by Counts (18) gives an account of 


interest to teachers is that given over to a study of errors. The 
errors studied were those in simple addition, simple subtraction, 
simple multiplication, simple division, and fractions. A study of 
this chapter reveals to teachers certain points of emphasis for their 
work. The chapter dealing with comparisons of the arithmetical 
abilities of certain age and promotion groups shows that younger 
groups are more accurate than the older groups, but that there is 
little or no difference in the number of problems attempted in the 
groups. The book closes with a chapter which compares the arith- 
metical ability of certain race groups. 
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The articles which have appeared upon various phases of arith- 
metical ability may be listed as follows: diagnosis, Uhl (98); funda- 
mental number facts, Brush (15); errors, Scott (86), and Gist (26); 
waste in arithmetic, Chase (16); correlation of oral and written 
work, Wilson (107); ability to place the decimal point, Monroe 
(66); and various uses of scales and tests, Drushel (20), Monroe 
(65), Heckert (36), Green (31), Hanus and Gaylord (35), and Wood 
(109). 

Biology.—A method for measuring ability in this subject which 
takes the form of an information test has been devised by Grier (32). 
The material for the test is taken from the subject matter of the 
course given in the subject. 

Chemistry.—The first attempts at measurement in this field 
have been made by Bell (4) and Wiley (104). 

Composition and Grammar.—Errors in English work have been 

ported upon by Diebel and Sears (19) and (87) and Johnson (45). 
Various tests have been used by Kelly (48), Willing (106), Theisen 
92), and Trabue (97). 

Geography.—In this subject a new scale by Hahn and Lackey 
34) has appeared. The scale is of interest because it represents 
an attempt to carry over into this field the method developed by 
Ayres in his spelling scale. 

Geometry—A monograph by Minnick (64) attacks for the first 
time in any extensive way the problem involved here. The author 
assumes that certain abilities are essential to the study of geometry. 
These abilities are listed as follows: (1) The ability to draw the 
figure, (2) the ability to state the hypothesis and conclusion, (3) 
the ability to recall facts concerning the figure, (4) the ability to 
select and organize facts so as to produce the proof. A series of 
tests for measuring these abilities is then set forth. The body of the 
monograph is taken up with methods for evaluating the tests and 


he results 


determining the correlations between school grades and t 
obtained by means of the tests. 

Handwriting.—New scales by Zaner and Blossom (110), by the 
Bureau of Research and Efficiency, Kansas City, Mo. (14), and by 
Ayres (2), are now being used. The Ayres scale makes use of 
samples of handwriting upon ruled paper and standards for both 
speed and quality are printed upon the same sheet with the scale. 
Other authors who have contributed to this subject are Manuel 
(59), Koos (52), Breed (9), and Kimmins (51). 

History.—The contributions to this subject consist of a scale in 
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ancient history by Sackett (84), and articles by Bell and McCollum 
(5), and Myers (72). 

Latin——The measurement of ability in Latin has been under- 
taken by Henmon (37). 

Music.—A study of ability in instrumental music has been made 
by Pond (78). 

Reading.—Gray’s (28) monograph on types of reading ability 
is an attempt to analyze reading ability by means of tests and ex- 
periments. ‘Tests for both oral and silent reading are used. These 
tests bring out many differences in ability. A more fundamental 
analysis of the differences is made by means of experiments in 
perception and the motor phases of reading ability. These experi- 
ments indicate clearly that many of the differences indicated in the 
tests go back to certain differences in perceptual and motor abilities. 
The final chapter is given over to certain remedial types of instruc- 
tions for children who had difficulty with their reading. 

Two new scales for measuring reading ability are now in use, 
one for oral reading has been devised by Price (79) and the second 
which is to be used in silent reading, has been worked out by Monroe 
(69). 

Articles on various phases of t 
as follows: the diagnosis of reading ability, Zirbes (113) and Uhl 
(99); difficulties in silent reading, Thorndike (93, 94); skimming, 
Whipple and Curtis (103); alexia, Schmitt (85); influence of special 
drills, Peters (76); silent versus oral reading, Mead (61); and various 
use of different tests and scales, Breed (8), Gray (29 and 30), 
Haggerty and Thomas (33), Kelly (47), McLeod (58) and Zeidler 
(1x1). 

School Grades.—This topic has been studied by Breed (10), 
James (43), Inglis (40), Lincoln (54), Maxwell (60), Miller (63), 
Nicholson (74), Ruggs (81), and Zerbe (112). 

Spelling —Transfer in spelling is treated in articles by Mead 


he reading problem have appeared 


(62) and Tidyman and Brown (91), causes of misspelling is reported 
upon by Kallom (46) and various tests have been used by Ballou 
(3), Briggs and Bramberger (11), and Brandenburg (12). 

Teacher Measurement.—Brief studies are reported by Landsittel 
(53), Pittenger (77), Sprogue (88) and Bird (6, 7). 

If one looks for present tendencies in the body of literature which 
has been surveyed, such can probably be expressed in terms of diag- 
nosis. A few authors have attacked this problem in a specific way, 


A large 


while others suggest its possibilities and its importance. 
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part of this work in diagnosis represents an attempt to assist a par- 
ticular teacher with a particular pupil, and stands in definite con- 
large numbers of children. 
If the methods of dealing with the individual pupil are refined and 


made practible for the teacher in service, educational measurements 


trast to the type of work which deals with 


will have performed as great a service as it has in the establishment 
of methods for measuring and in determining standards by the use of 


such methods. 
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General Discussions.—In Child Behavior by Mateer (34) there is 


1 . . c . 1 . +, *) 7 
excellent discussion of experimental observations on childret 
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] > first four chapters are theoretical and historical. The fields of 


child study and child behavior are delimited. Child study fron 
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very early times is reviewed, with an evaluation of the various ex- 


perimenters’ work. A modification of Krasnogorski’s method 
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used in a study of conditioned reflexes. The subjects included 





practically all the children up to seven years of age in a small 
suburban community. Two stimuli were presented. One of 
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vas indifferent for the production of the specified reacti 




































312 DAVID MITCHELL 
the other was the effective stimulus. By this means the mechanism 
of a conditioned reflex or a stimulus-reaction association could be 
easily developed. The writer tabulates the number of trials 
needed for learning, the number necessary to break down the con- 
ditioned reflex, the number of trials necessary for re-learning, etc. 
A chief conclusion is that a study of children by this method can be 
adapted to varying and multiform conditions. This book should 
be studied by all students of child behavior, especially when a de- 
velopment of methodology is needed. 

Jennings, Watson, Meyer, and Thomas (28) consider the con- 
tributions of modern science to child education. Jennings discusses 
variability in children, and says that there are three things which 
we must know: (1) the nature of the organism, considering traits 
and capabilities with resemblance to and difference from other 
organisms; (2) the laws of development; (3) the effect on their 
development of things in the world outside, and the conditions 
necessary for full development. Owing to the manifold and diverse 
situations in which the child must react, he must retain the ability 
to adapt himself to situations never met before. Watson deals with 
the practical and theoretical problems in instinct and habit. From 
the results of his experimental work he has concluded that fear, 
rage and joy are the fundamental emotional reactions. Fear is 
aroused by four stimuli, rage by one, and love by a variety of one 
type of stimulus. Other stimuli for emotional reactions have be- 
come effective by virtue of association with the originally effective 
stimuli. Four laws for the formation of habits are presented: 
(1) diminishing returns from practice; (2) the speed of formation 
is in inverse ratio to the number of habits formed simultaneously; 
(3) the rapidity of formation is in inverse ratio to the age of the 
child; (4) the rapidity depends upon the incentive presented. 

Meyer shows a development in the field of psychiatry leading 
out to the school and to the problem of education. The study of 
the individual, the fundamental unity of the problem of health, 
and the attempt to get inventories of determining factors in the 
lives of pupils have led the psychiatrist to a consideration of the 
child in school. Thomas insists that human behavior seems to 
represent four fundamental types of interests or wishes. There 
are desires for new experiences, mastery, recognition, and security. 
Traditional control is losing its efficacy, and primary group norms 
are breaking down. The laws of behavior must be established by 
psychological procedure. 
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Blanton (7) presents records of observations on the reactions of 
children during the first month of life. The appearance of the 
first reflex activities and the use of the various sense organs were 
observed. Activities are described as being characteristic of 
children at this age which previous record had credited only to a 
much later age. Kirkpatrick (31) has issued a revised edition of 
his stimulating work on child study. Luckev (33) presents a book 
of thirty-three chapters, each one of which is a lesson on some as- 
signed topic. The book is chiefly of interest to parents or teachers 
in the initial periods of studying children. It is not a report of 
experiments made but a résumé of many recorded facts concerning 
children. He is rather uncritical in the selection of records, 
somewhat making up for this deficiency by giving an extended list 
of references for each topic. Drummond (17) builds up the philos- 
ophy of mental development on the basis of a study of three children. 
She suggests that one trust the child’s intelligence. Allow him to 
make his own discoveries and help only when help is wanted. 

How Children Learn by Freeman (22) is an able attempt to 
present the psychology of the learning process in children. He 
emphasizes the necessity of considering native responses and utiliz- 
ing them for the development of the child. A simple and fairly 
clear-cut statement of the nervous system with a differentiation of 
reflex, instinctive, sensori-motor, and ideational levels is presented. 
Under the title of “The Relation of Native and Acquired Responses 
the old problem of the relative influence of heredity and environ- 


comes up. Play, imitation, self-assertion, and speech are 


33 


ment 


native responses. The acquisition of skill and the development of 
ensory discrimination are included in the section dealing with 
acquired responses. Sensory discrimination is probably not de- 
veloped but greater ability, where development is supposed to have 
taken place, depends upon knowledge of the situation in which 
observations are made. In outlining the principles of association, 
he presents eight rules to help in the process of memorizing. Prob- 
lems of fatigue, efficiency, neurotic conditions, etc., are discussed 
and methods of treatment for the neuroses are suggested. To 
each chapter in the book is appended a list of questions and topics 
for discussion which adds greatly to the value of the publication. 
Von Hug-Hellmuth (52) is chiefly concerned with the psychoan- 
alytic interpretation of the mental life of the child. The first signs 
of voluntary activity are referred to some auto-erotic tendency. 
Speech begins when the child is interested in the activities of the 











314 DAVID MITCHELL 
sex organs. Play is also interpreted in the light of erotic ideas, and 
even the imagination of the girl-child as she arranges her house in 
order must be recognized as the beginning of the repression of 
forbidden desires. 

Burnham (13) has an extremely valuable discussion on the rela- 
tion of the formation of conditioned reflexes to the problems of 
health, pedagogy, etc. He reviews the work of various experi- 
menters in this field and shows the difference between the mechan- 
isms of the conditioned reflex in the child and in the animal. In 
the child the acquisition is more rapid, has a higher stability, and 
yet may more easily be broken down. In a study of conditioned 
reflexes light is thrown on many problems in human behavior. 
Not only the obvious phenomena of habit and association, but also 
the peculiar behavior of many children, the tricks and mannerisms 
and forms of misbehavior in normal as well as in hysterical and 
abnormal children are more easily understood. The same author 
(14) discusses the value of the formation of habits, and the relation 
of the earlier acquired habits to those acquired later. Each habit 
should be propaedeutic to succeeding ones and none should be 
formed which would greatly interfere with variability in reaction to 
meet changing conditions. In “* Mental Health for Normal Children” 
(12) he outlines seven requirements, including opportunity for the 
functioning of natural instincts and impulses, training in the con- 
trol of impulses by direction into other channels of activity, the 
development of an active attitude in the face of difficulties, etc. 

Bruce (9) almost entirely ignores the notion of a biological 
variation in children. He makes removable conditions responsible 
for practically all the variations among them. Beery (5) writes a 
parents’ manual outlining a system for child training. In Child 
Psychology in the Normal School, Averill (1) places emphasis on 
the requirements of psychological study in the normal school. 
Its purpose is to acquaint the young teacher with the process of 
mental development in children, arousing in her a sympathetic 
attitude toward their problems. Opportunity should therefore be 
given for observation and the study cf children. This may be done 
by specific hours of class observation or by observing children in 
whatever situations and at whatever times it is possible. Questions 
which should be asked children in order to obtain first hand infor- 
mation are suggested. 

Language and Speech Development—Bateman (2) gathers 
available information in regard to the first word spoken by a child 
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in order to show the time of its appearance and its character. This 
word has been used at ages varying from eight to fifteen months, 
with the most frequent occurrences at ten months. The chief 
criticism of these determinations is the variability in the conception 
of the first word. Certain sounds are used which have no connec- 
tion with, and no similarity to, the sounds used in ordinary con- 
versation to express the idea. A clear definition of what is meant 
by the use of a word would greatly assist in further study of language 


“7 


development. Nice (38) makes an analysis of an individual child, 
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children in five ungraded classes and used all of the consonants in 
tial, middle, and final positions. The types of defect are lisping, 
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ering, and unintelligible speech. Osborne (40) divides speech 
defects into two groups, phonetic and stuttering, the first of which 
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Roper (45) insists that many of the faults in speech may be 
licated bv an intellicent teacher who has time to experiment wit! 
cated [I an intelligent teacher who has time to ex riment with 


the problem. The chief suggestion for training is that of “mouth 

ping’’ in which the movements of lips, tongue, and palate should 

determined. Swift (48) reports a method of treatment which 
been, according to him, very satisfactory, but he is probably 
mistaken in the factors which he describes as casual. He insists 
that the improvement was due to “clarified visual imagery,” but 
the probability is that practice and training in correct habits were 
responsible. Bryant (11) says that stammering is a functional 


disturbance due to an interruption of the normal functions of the 
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mind in relation to speech. More than half of 20,000 stammerers 
observed, had relatives afflicted with some form of nervous speech 
disorder. He concludes that stammering is an inherited character- 
istic. 

Dunlap’s (18) new theory of causal factors in stuttering is in- 
teresting. Since it is much more frequent among boys than 
among girls, the cause must be found in some peculiarity of the 
language function in the male. The fact that stuttering dates from 
the beginning of the school period, and also that there is special 
difficulty on words beginning with certain sounds leads the author 
to the conclusion that stuttering is connected with the use of 
obscene or profane expressions. Lacking a neurotic constitution a 
boy may keep his linguistic personalities distinct but the boy pre- 
disposed by inherited tendency to erratic muscular activity is very 
apt to become a stutterer. The theory does not explain all the 
cases of stuttering but it should lead parents to avoid harsh con- 
demnation of a boy’s language. 

Fletcher (21) criticises the various theories of stuttering and 
reviews both the Freudian hypothesis and the visual-imagery theory 
of Swift. He insists that there are no permanent peculiarities of 
imagery, that no pure imagery type is found, and that the stutterer 
has a tendency to lose all forms of imagery immediately before 
speaking. Tompkins (51) concerns himself largely with a criticism 
of Dunlap’s theory. He considers the question of sex ratio, in- 
sisting that in the beginning stammering is about equal between 
the two sexes. He says that the evidence of causation, accident, 
fright, illness, etc., is discounted without counter-evidence being 
presented. Wallin (54) discusses various theories and reports the 
case of a twelve-year old boy who began stuttering at two and a half 
years of age. Dream analysis and the association-reaction method 
of diagnosis, his procedure in which he describes in detail, offered 
no solution. Neither was auditory amnesia responsible for the 
stuttering. ‘The chief factor in training is the development of a 
habit of slow enunciation with a good physical condition as the 
background. Brummeler (x0) presents specific instructions for 
the training of speech defectives. He insists that a readjustment of 
physical condition and an analysis of mental and emotional attitude, 
besides vocal training are necessary. 

Natural Education—Montessori (36) has developed her method 
of education to meet the requirements of children over six years of 
age. Ina second publication (37) she gives information concerning 




















































CHILD PSYCHOLOGY 317 


the material necessary for these children. This publication is 
divided into seven parts, each section dealing with one of the topics; 
grammar, reading, arithmetic, geometry, drawing, music, and 
metrics. In each of these discussions the teacher will probably 
find something interesting and possibly something new. The 
great mass of material, however, will be found fairly familar to 
studious teachers. Methods are discussed and drills presented 
which remind one of early undesirable school life. Cook (16) 
discusses the Play Way as a method of education. His comment 
“The play way is not a bunch of contrivances for making scholarly 
pursuits pleasurable, but the active philosopy of making pleasur- 
able pursuits valuable,” indicates quite clearly the fundamental 
lea of his publication. He insists that school activities and studies 

uld be brought more into relation with the activity of daily life. 

Exceptional Children ——Groszmann (25) uses the term “excep- 
tional” in a very liberal sense. According to him every child is 


— 
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exceptional, since he discusses the psych 


ogy, the development, 
educational opportunities of all children. The book is one to 
used more for reference on individual topics than as a general 
ext book. It aims to consider the child from practically every 


A Ut 
point of view. One of the valuable sections of the book is a sym- 
ium by medical men, presenting various features of the child’s 
sical development. Pugh (44) traces the spiritual, emotional, 
intellectual development of an exceptional child in an enter- 
ning and interesting way. He shows an appreciation of children 


when he says they are “more subtle, more self-contained, more 


elusive, more baffling in every way than any adult of either sex. 


Wallin (53) deals with the problem of the subnormal individual, 


emphasizing four fundamental factors; differential diagnosis, 
lifferentiated educational treatment, adequate system of after- 


care, and preventive measures. An account of changing attitudes 
toward the subnormal and a description of provisions for them in 
various countries are given. He presents a résumé of studies in- 
cluding the following facts: the institution in which the study was 
made; the examiner; the subject, indicating the number, sex, type, 
and age; the method of examination; and the basis of classification. 
One chapter considers the solution of problems and answers to 
questions which one meets in an attempt to deal with the feeble- 
minded. In a chapter on the “Hygiene of Eugenic Generation” 
he considers hereditary characteristics and includes discussions of 
methods for the elimination of defectives. 
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Campbell (15) distinguishes between neurotic and subnormal 
children and emphasizes the characteristics of the problems which 
the two types present. He reports a survey of all the children of 
school age in one district. The number of subnormal children and 
approximately the degree of defect were determined. ‘The results 
may not be considered typical for an entire city, but for a district 
of similar characteristics they are representative. He studies the 
subnormal children in detail, and presents tables which include 
chronological age, Binet-Simon age, pedagogical age, hereditary 
characteristics, etc. 





Strong (47) on the basis of experimental work with 115 children 
studied the effect of hookworm disease on mental and physical 
development. Seven mental tests and six physical tests were used. 

The methods of administering each test or taking each measure- 

ment are described, and norms of performance with conclusions 

from each of the tests are presented. He says that the disease | 
interferes radically with mental development. Treatment alleviates 

the condition but the child’s progress is not as rapid as it would have | 
been had he not had the disease. The longer he has suffered from 

the disease the greater is the mental loss and the less rapid is his 
development following treatment. Similar conclusions are pre- 
presented in reference to the physical development. 

Special Topics—Long (32) presents interpretations of child 
problems concerning which one almost invariably wonders if a 
simpler explanation would not have been equally satisfactory. 
The writer is to be congratulated on giving clearer indications of 
psychoanalytic procedure, on the results of which very important 
and far reaching conclusions are frequently based. In Oberndorf’s 
(39) report on the emotional life of a child the chief consideration 
is the psychoanalytic interpretation. 

According to Henry (26) the education of the emotions has been 
ignored because, (a) the school is intended primarily for intellectual 
purposes, (b) we lack an appreciation of the value of emotions, and 
(c) we are ignorant of a method of training. Watson and Morgan 
(56), from observations on a large number of infants during the 
first months of life, come to the conclusion that there are three 
fundamental emotional reactions, and that the stimuli which call 
them out originally are simple and crude. Current theories of the 
emotions are superficial and not sufficient to explain the enormous 
complexity of reactions. 

Brown (8) makes a plea for allowing the child to go out into the 
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world unhandicapped by adult-determined views on the nature of 
life. ‘The child should be free to acquire at first hand “the wisdom 
of all the ages.”” Kimmins (30) examined 1,430 papers written by 
boys and girls of about eleven years of age. The papers discussed 
the problems of war activities and the relation of children to them. 
The author finds fundamental sex differences and quotes statements 
which indicate them. Tanner (50) tabulates the responses of school 
4 


children to three moral propositions involving stealing, lying, and 


dishonesty in school work. Tables showing percentages of various 
responses to each of the three situations are presented. Baumgar- 
ten (3) used the questionnaire method to investigate the prevalence 
ol falsehood. He considers falsehood in the h me, in the school, 
and the occasion of the first falsehood. The proverbial statement, 
that girls are more prone to lying than boys, is denied. Smith (46) 
introspects concerning his own childhood, relating the imaginings 
and adventures of that period. He appreciates childhood desires 
and inspires an attitude of observation rather than control of chil- 
dren. Glenconner (23) records the mental development of five 
children. Some of the observations indicate the lack of a scientific 
criticism. 
Experimental Studies—Hunter (27) experimented with his 
daughter between the ages of thirteen and sixteen months, at which 
time she had not acquired the ability to use words as a means of 
communication. He wished to determine the accuracy of reaction 
after certain intervals of delay. Three boxes were set before the 
subject, and in one of these the stimulus object was placed. After 
ascertaining that the child had understood the placement, he used 
various methods to prevent the child’s attention being directed to 
the box. The reaction times and the per cents of accuracy in the 
child’s choice of the box after varying lengths of distraction inter- 
vals are presented. Woodrow and Lowell (57) studied children’s 
associations. The stimulus words used were ninety of the Kent- 
Rosanoff series and ten other words substituted for the most difficult 
of this series. The responses of a thousand children, ranging in age 
from nine to twelve, are tabulated. Enormous differences between 
children’s and adults’ associations are shown. Children give fewer 
individual responses and fewer different words in response to a 
given stimulus. 

Pintner (42) asked children, six to fourteen years of age, to 
arrange six pictures in the order of their preference. The pictures 


were different reproductions of the same theme, changes being made 
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in the accuracy of drawing, the perspective, and the coloring. In 
the six year group there is no decided preference. As age increases 
the evidence of preference increases. “‘ Asthetic judgment would 
seem to become more uniform as the child grows older.” Pintner 
and Toops (43) arranged a series of twenty five pictures, from each 
picture an essential part being omitted. ‘They used the series with 
deaf and hearing children, six to fifteen years of age. The children 
were directed to draw the part of the picture which had been omitted. 
The results are shown in a table of per cents of accuracy for each 
picture with each age. On the basis of these percentages the writers 
select a group of pictures to form a shorter scale which should give 
equally valuable results. 

Fifty-two boys and forty-five girls, seven to seven and a half 
years of age, were the subjects of an experiment by Parsons (41) on 
the interpretation of ink-blots. He presents a classification of 
responses, using the method adopted by Miss Sharp and discusses 
other classifications. He considers the use of active and passive 
imagination, and the method of description adopted by the subjects. 
There is a tendency to use active imagination and non-constructive 
rather than constructive associations. ‘The author says that chil- 
dren, like adults, are most interested in living things. Mead (35) 
made physical measurements and mental evaluations of 430 feeble- 
minded and 480 normal children. Besides presenting individual 
records, he shows that, as a group, the brighter children are heavier 
and taller, stronger and less variable in the strength of right and 
left hand than are the defective children. In memory and per- 
ception the defective children are not equal to the normal but in 
these two characteristics they are better than in any others. 

3eely (4) describes a method for determining handedness in 
children, four to eight years of age. He reviews the methods which 
had been used and describes his experiments with tapping, steadi- 
ness, and tracing tests. He concludes that tapping correlates more 
closely with handedness than steadiness and tracing, and that wrist 
tapping is superior to arm tapping. His final chapter summarizes 
the literature on left handedness, dealing with its prevalence, origin, 
cause, and inheritance. Evard (20) used the association method 
with children of seven to ten years of age, on two occasions separated 
by an interval of a year. She compares the results for the group of 
thirty-two children, and also for individuals. Three different 
methods of classification are used and the author says that while 
the results are not conclusive they tend to attract attention to this 
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unlimited field of investigation. Bickersteth (6) used twelve tests, 
including motor, discrimination, memory, and attention problems. 
A detailed discussion is given of each of the tests and many corre- 
lations are presented. 

English (19) wished to measure the difference in ability between 
children of different social levels. He used fourteen tests, including 
quickness and accuracy of movement, quickness of perceptual 
discrimination, and ability to distribute attention, on 68 children. 
He describes each test and presents results in graphic and tabular 
form. He concludes that the upper social group is superior in 
intelligence. Gould (24) measured the coordination of children 
trained in industrial occupations and those trained in different lines 
of activity. Three tests, thrusting, hammering, and the three-hole 
test, give results from which the conclusion is reached that there is 

improvement in manual accuracy among the prevocational 
group in work which is more or less different from the shop work. 
Johnson (29) surveys the results obtained in various investigations 
on motor ability. Her experimental work included voluntary 
movement, steadiness or motor control, reaction time, and accuracy 
of movement. She describes the apparatus and method of con- 
ljucting the tests and presents a statement of the subjects used and a 


discussion of the results. Sex difference, improvement with prac- 


iia a : a roy 
tice, and greater relative efficiency of the right hand in childhood are 
wn. 
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NOTES AND NEWS 
Tue August number of the BuLLETIN was edited under the 


direction of Professor R. P. Angier and W. S. Hunter, as a com- 
bined physiological and a comparative psychology number. 


Tue present number of the BuLLETIN was prepared under the 
editorial direction of Professor B. T. Baldwin. 


A nuMBER of psychologists have been engaged in the physical 
reconstruction work in connection with Army hospitals. Besides 
Major M. E. Haggerty, who is mainly employed at the Surgeon 
General’s office, Major B. T. Baldwin, Professor J. W. Baird, Dr. 
Buford Johnson, Dr. Ethel Bowman, and Lieut. Bruce Moore are 
at work at the Walter Reed General Hospital, Washington, D. C., 
Capt. Hughes H. Mearns is at Fort McHenry, and Capt. Louis 
Pechstein is at Base Hospital No. 11, Cape May, N. J. It is 


expected that many other psychological workers, commissioned and 
civilian, will be needed at a later date. 














